CHRONIC TOXICITY SUMMARY

METHYL BROMIDE

(bromomethane; monobromomethane)

CASRegistry Number: 74-83-9
Chronic Toxicity Summary

Inhal ation reference exposure level 5 ng/m* (1 ppb)

Critical effect(s) Histological lesions of the olfactory epithelium of
the nasal cavity in rats

Hazard index target(s) Respiratory system; nervous system;
development

1. Physical and Chemical Properties (HSDB, 1994)

Description Colorless gas

Molecular formula CH3Br

Molecular weight 94.95 g/moal

Density 3.89¢g/L @25°C

Boiling point 3.6°C

Vapor pressure 1420 torr @ 20°C

Solubility Soluble in ethanol, benzene, carbon disulfide, and
1.75% (w/w) in water

Odor threshold 20.6 ppm

Odor description Sweetish odor

Metabolites Methanol, bromide, 5-methylcysteine

Conversion factor 1 ppm=3.89 mg/m* @ 25° C

1. Major Usesand Sources

Methyl bromide (MeBr) was used historically as an industrial fire extinguishing agent and was
introduced in the U.S. from Europe in the 1920s. Current uses of MeBr include the fumigation
of homes and other structures for termites and other pests. Methyl bromide is also used to
fumigate soil before planting and fruits and vegetables after harvest. 1n 1981, 6.3 million pounds
of MeBr were reportedly used in California (Alexeeff and Kilgore, 1983). By 1991, its use had
grown to 18.7 million pounds in the state (Cal/EPA, 1993). The annual statewide industrial
emissions from facilities reporting under the Air Toxics Hot Spots Act in California, based on
the most recent inventory, were estimated to be 75,575 pounds of methyl bromide (CARB,
1999). This does not include emissions of methyl bromide during its use as a pesticide.
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V. Effectsof Human Exposure

Workers (n = 32) exposed to MeBr during fumigation of soil or structures were compared to a
referent group of 29 workers not exposed to MeBr, but exposed to other fumigants (Anger et al.,
1986). Exposuresto MeBr were not quantified. It was found that workers exposed to MeBr had
a higher rate of neurological symptoms and performed less well on several behaviora tests.
Several confounding factors were present in this study, including lack of adjustments for age,
alcohol consumption, prescription medication, illegal drugs, education, or ethnic group between
the exposed and the referent groups.

V. Effects of Animal Exposure

The first experimental animal study on repeated MeBr exposures was carried out and reported by
Irish and associates (1940). In this study, rats (135 per group), rabbits (104 per group), or female
rhesus monkeys (13 per group) were exposed to 0, 17, 33, 66, 100, or 220 ppm (0, 66, 128, 256,
388, or 853 mg/m°) 7-8 hours/day, 5 days/week for 6 months or until the majority of the animals
exhibited severe signs of toxicity. Mortality was seen in rats, guinea pigs, and monkeys at 100
ppm. Rabbits began to die at 33 ppm. Severe effects, including paralysis, were seen after
exposure to 66 ppm in rabbits and monkeys. None of the species exhibited adverse effects after
exposureto 17 ppm.

Kato and associates (1986) observed focal lesionsin the brain and heart in rats (10-12 per group)
after inhalation of 150 ppm (585 mg/m®) MeBr 4 hours/day, 5 days/week for 11 weeks. In
another experiment, rats were exposed to 0, 200, 300, or 400 ppm (O, 777, 1160, or 1550 mg/m®)
MeBr 4 hours/day, 5 days/week for 6 weeks. In this experiment, rats exposed to any
concentration of MeBr exhibited coronary lesions, and exposures of 300 ppm or greater resulted
in neurological dysfunction, including ataxia and paralysis. Testicular atrophy was noted in 6 of
the 8 animals exposed to 400 ppm.

Anger et al. (1981) determined that rabbits are more sensitive than rats to neurotoxicity of MeBr.
In this study, rats or rabbits were exposed to 0 or 65 ppm (0 or 254 mg/m*) MeBr for 7.5
hours/day, 4 days/week, for 4 weeks. Nerve conduction velocity and eyeblink reflex were
impaired in the rabbits but not rats exposed to 65 ppm MeBr. Similarly, rats did not exhibit
neurological signs after exposure to 55 ppm (215 mg/m°) MeBr for 36 weeks. Rabbits exposed
to 26.6 ppm (104 mg/m?) did not display any neurological effects after 8 months exposure
(Russo et al., 1984).

In the studies of Reuzel and associates (1987, 1991), groups of 50 male and 60 female Wistar
rats were exposed to 0, 3, 30, or 90 ppm methyl bromide (98.8%) for 6 hours per day, 5 days per
week. Three groups of animals (10/sex/exposure level) were killed for observations at 14, 53,
and 105 weeks of exposure. Body weight, hematology, clinical chemistry, and urinalyses were
examined throughout the experiment in addition to histopathology and organ weights at time of
necropsy. Exposures of males and females to 90 ppm resulted in reduced body weight.
Exposure to 90 ppm also resulted in significant lesions in the heart in the form of cartilaginous
metaplasia and thrombus in the males, and myocardial degeneration and thrombusin the
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females. Exposure of malesto 30 or 90 ppm resulted in adecrease in relative kidney weight.
Histological changesin the nose, heart, esophagus, and forestomach were the principal effects of
methyl bromide toxicity. At the lowest concentration (3 ppm), very slight degenerative changes
in the nasal epithelium, and olfactory basal cell hyperplasia were noted in both sexes at 29
months. Based on this study, a LOAEL of 3 ppm (11.7 mg/m®) was determined.

The Nationa Toxicology Program (NTP) conducted a 13-week and a chronic study on the
toxicology and carcinogenesis of methyl bromide in rats and mice (NTP, 1990). In the 13-week
study, 18 rats/sex/group were exposed to 0, 30, 60, or 120 ppm (0, 117, 233, or 466 mg/m°)
MeBr 6 hours/day, 5 days/week. The mice were exposed to 0, 10, 20, 40, 80, or 120 ppm (0, 39,
78, 155, 311, or 466 mg/m®) 6 hours/day, 5 days/week. Hematological parameters and selected
organ weights were measured in both species, in addition to histopathological changes.
Pseudocholinesterase activity and neurobehavioral tests were conducted in the mice. Serious
effects, including 58% body weight loss, 17% mortality and severe curling and crossing of the
hindlimbs were observed in mice exposed to 120 ppm MeBr. Exposure of males to 40 ppm or
higher resulted in significant effects on several hematologica parameters, including decreased
mean cell hemoglobin and increased red blood cell count. The only exposure-related histological
effect was olfactory epithelial dysplasia and cystsin the rats of both sexes exposed to 120 ppm.

A 6-week study in rats and mice (5 animals/sex/group) exposed to 0 or 160 ppm (O or

624 mg/m°>) showed high mortality rates, loss in body weight and histological changesin
multiple organ systems including brain, kidney, nasal cavity, heart, adrenal gland, liver, and
testes (NTP, 1990).

An exposure of mice (86 animals/group) to 0, 10, 33, or 100 ppm (0, 38.8, 128, or 388 mg/m°)
MeBr for 6 hours/day, 5 days/week, for 103 weeks was also conducted by NTP (1990). Inthis
study, high mortality rates in both males and females in the 100 ppm group resulted in a
discontinuation of exposure after 20 weeks. A low incidence of sternal dysplasiaand a
significant decrease in locomotor activity were noted in the 10 ppm group.

A 5-day exposure of rats (10 animals/group) to 0, 90, 175, 250, or 325 ppm (0, 350, 680, 971, or
1260 mg/m®) resulted in lesions in the nasal olfactory sensory cells, the cerebellum and adrenal
gland beginning at 175 ppm (Hurtt et al., 1987). Hurtt and Working (1988) later observed severe
histological damage to the nasal epithelium following a single exposure to 90 or 200 ppm (351 or
780 mg/m*) MeBr. Olfactory function, measured by the ability to locate buried food, was
impaired at the 200 ppm exposure. In this study, reduced testosterone and testicular glutathione
levels were observed in the male rats exposed to 200 ppm, but no effects on spermatogenesis,
sperm quality, or testes histopathology were noted.

Sikov et al. (1981) examined the teratogenic potential of MeBr in rats and rabbits exposed to O,
20, or 70 ppm (O, 78, or 272 mg/m®) 7 hours/day, 5 days/week for 3 weeks during days 1-19
(rats) or 1-24 (rabbits) of gestation. No maternal or fetal effects were observed in the rats,
however, severe maternal neurotoxic effects were observed in the rabbits that resulted in 24/25
deaths. In this study, no significant maternal or fetal effects were observed at a concentration of
20 ppm.
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Another developmental toxicity study was conducted in rabbits by Bredlin et al. (1990). Inthis
study, rabbits were exposed to 0, 20, 40, or 80 ppm (0, 78, 156, or 312 mg/m*) MeBr for 6
hours/day on gestation days 6-19. Maternal toxicity was observed at 80 ppm and included
reduced body weight gain and signs of neurotoxicity. In addition to the maternal effects
observed, asignificant increase in incidence of gall bladder agenesis and fused sternebrae were
observed in the offspring exposed to 80 ppm. No adverse effects were observed at 40 ppm or
lower concentrations.

A 2-generation reproduction and developmental toxicity study on MeBr in rats was conducted by
American Biogenics Corporation (1986). Groups of rats (25/sex/concentration) were exposed to
0, 3, 30, or 90 ppm (0, 12, 117, or 350 mg/m*) MeBr 6 hours/day, 5 days/week during premating,
gestation, and lactation through 2 generations. Significant decreases in body weight during the
pre-mating period and at the end of the study were observed in the males exposed to 90 ppm.
Although some adult organ weights were affected in the 90-ppm group, there was no evidence of
histopathology in these organs. Neonatal body weights were decreased by exposure to 30 ppm.
There was a decreased cerebral cortex width in the 90 ppm F; group, reduced brain weight in 30
ppm F; females, and reduced fertility in the 30 and 90 ppm F2, groups.

VI.  Derivation of Chronic Reference Exposure L evel

Sudy Reuzel et al., 1987; 1991

Sudy population Male and female Wistar rats (50 and 60 per group,
respectively)

Exposure method Discontinuous inhal ation exposures

(O, 3, 30, or 90 ppm) over 29 months

Critical effects Basal cell hyperplasia of the olfactory epithelium
of the nasal cavity

LOAEL 3 ppm

NOAEL Not observed

Exposure continuity 6 hr/day, 5 days/week

Exposure duration 29 months

Average experimental exposure 0.54 ppm for the LOAEL group

Human equivalent concentration 0.12 ppm for the LOAEL group (gas with
extrathoracic respiratory effects, RGDR = 0.23,
based on MV = 0.03 m*/min, SA = 11.6 cm?)

LOAEL uncertainty factor 3 (20% extrarisk of amild effect)
Subchronic uncertainty factor 1

I nter species uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 100

Inhalation reference exposurelevel  0.001 ppm (1 ppb, 0.005 mg/m?®, 5 ny/m?®)

The chronic REL for methyl bromide is also the U.S EPA RfC.
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VIl. Data Strengthsand Limitationsfor Development of the REL

The major strengths of the REL for methyl bromide are the use of a comprehensive, long-term,
multiple dose study with large sample sizes, and the availability of supporting dataincluding
long-term studies in other species and reproductive and developmental studies. The major
uncertainties are the lack of human data and the lack of a NOAEL observation for the critical
effect.

The California Department of Pesticide Regulation used a different approach that adjusts for
respiration rate differences between humans and animals and which uses 10-fold uncertainty
factors for interspecies differences, for intraspecies variability, and for aLOAEL to NOAEL
extrapolation. Applying these factors to the same 3 ppm LOAEL resultsin alevel for children
and adults of 1 and 2 ppb (4 and 8 ny/m®), respectively.
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